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ABSTRACT
Objective: To identify and synthesise the evidence on
the relationship between surgical volume and patient
outcomes for adults and children with congenital heart
disease.
Design: Evidence synthesis of interventional and
observational studies.
Data sources: MEDLINE, EMBASE, CINAHL,
Cochrane Library and Web of Science (2009–2014)
and citation searching, reference lists and
recommendations from stakeholders (2003–2014)
were used to identify evidence.
Study selection: Quantitative observational and
interventional studies with information on volume of
surgical procedures and patient outcomes were
included.
Results: 31 of the 34 papers identified (91.2%)
included only paediatric patients. 25 (73.5%)
investigated the relationship between volume and
mortality, 7 (20.6%) mortality and other outcomes
and 2 (5.9%) non-mortality outcomes only. 88.2%
were from the US, 97% were multicentre studies and
all were retrospective observational studies. 20
studies (58.8%) included all congenital heart disease
conditions and 14 (41.2%) single conditions or
procedures. No UK studies were identified. Most
studies showed a relationship between volume and
outcome but this relationship was not consistent.
The relationship was stronger for single complex
conditions or procedures. We found limited evidence
about the impact of volume on non-mortality
outcomes. A mixed picture emerged revealing
a range of factors, in addition to volume, that
influence outcome including condition severity,
individual centre and surgeon effects and clinical
advances over time.
Conclusions: The heterogeneity of findings from
observational studies suggests that, while a
relationship between volume and outcome exists, this
is unlikely to be a simple, independent and directly
causal relationship. The effect of volume on outcome
relative to the effect of other, as yet undetermined,
health system factors remains a complex and
unresolved research question.
INTRODUCTION
An extensive evidence base supports an asso-
ciation between organisational factors and
patient outcomes in elective surgery provi-
sion. The existence of a causal relationship
between volume of activity and better patient
outcomes is based on assumptions that more
activity may be associated with better facil-
ities, more experienced multidisciplinary
teams and more experienced and specialist
clinicians, rather than being simply attribut-
able to increased workload.1 The volume
and outcome association has been most
extensively studied in the surgical specialities
and for complex procedures where institu-
tional and surgical experience and specialisa-
tion might be especially important in
optimising outcomes.2 However, the under-
lying reasons for the observed associations
between greater volumes of surgical activity
and better outcomes for patients remain
unclear and observed variations in outcomes,
including mortality, remain unexplained.3
Evidence on the relationship between
volume and outcome of surgery is dominated
by studies evaluating the relationship with
Strengths and limitations of this study
▪ We conducted a rapid review in a very short
timescale to identify key relevant evidence that
could inform an ongoing service review.
▪ We used clear and reproducible methods for evi-
dence searching, inclusion and exclusion criteria
and data extraction.
▪ Time constraints means we could not search
exhaustively and so some relevant evidence may
have been missed.
▪ Detailed quality appraisal of individual included
studies was replaced with a narrative summary
of methodology and study design limitations.
Preston L, et al. BMJ Open 2015;5:e009252. doi:10.1136/bmjopen-2015-009252 1
Open Access Research
mortality. However, volume may exert important effects
on other patient outcomes such as morbidity and quality
of life as well as service consequences, such as length of
stay in hospital and costs.
Services for congenital heart disease (CHD) have
been subject to scrutiny for over a decade, in the UK
and internationally. In 2012 a series of recommenda-
tions was made for the reconﬁguration of cardiac ser-
vices for children in England.4 However, the process for
making these recommendations was challenged and, fol-
lowing a judicial review, service reconﬁguration was not
implemented and a new service review considering the
whole lifetime pathway for CHD undertaken.
The objective of this evidence synthesis was to inform
the service review by examining whether there is evi-
dence for a relationship between institutional and indi-
vidual surgeon surgical volume and patient outcomes in
CHD services. Evidence for other explanatory variables,
including organisational features and other outcomes
(such as complications) were examined in the full
review.5Here we summarise the evidence for the speciﬁc
relationship between surgical volume and outcome.
METHODS
We undertook a keyword-based systematic literature
search using a predeﬁned protocol,5 (see online supple-
mentary ﬁle 1) enhanced by supplementary search
methods.6 Reporting follows the PRISMA guidelines.7
The review was completed within 3 months.
Search strategy
Relevant articles were identiﬁed using a database search
strategy adapted from an earlier systematic review com-
pleted in 2009 (see online supplementary ﬁle 2). Search
terms included population, volume, other organisational
factors (eg, proximity to other services such as intensive
care) and patient-related outcomes. We conducted
searches ( January and March 2014) of MEDLINE,
EMBASE, CINAHL, Cochrane Library and Web of
Science for the years 2009–2014.
These formal keyword-based literature searches were
supplemented by four additional search methods
designed to identify additional studies not included in
the earlier systematic review for the 11-year period 2003–
2009. These included citation searching using key refer-
ences; responses from patient and public groups and
clinical experts following a call for evidence; scrutiny of
the reference lists of included papers and examination
of the reference lists of published reviews, guideline
documents and reports.
Selection criteria
Studies were eligible for inclusion if they reported an
association between surgical volume (surgical unit or
individual surgeon) and patient outcomes for children
and/or adults undergoing treatment (surgical or inter-
ventional) for congenital heart disease. All types of
patient-related outcomes (mortality, complications and
quality of life) and health service outcomes (length of
stay, costs) were eligible.
Studies eligible for inclusion were (1) observational
studies and reports from trials. Qualitative or
questionnaire-based studies were excluded. (2) Evidence
from Organisation for Economic Cooperation and
Development countries to ensure relative health system
comparability to the UK. The review only included ori-
ginal research articles published in English and data
from conference abstracts was excluded as these did not
yield sufﬁcient information. (3) Published in peer-
reviewed journals to ensure that the evidence being
synthesised had undergone methodological and expert
scrutiny.
One author (LP) screened titles and abstracts using
the inclusion and exclusion criteria. Second screening
was undertaken for 10% of the references retrieved via
the database searches by a second reviewer (KC) then
ﬁve reviewers ( JT, KC, AJ, CO and FC) screened the full
text of any potentially relevant article. Each reviewer
independently assessed the eligibility of each study, and
the ﬁnal list of included studies was agreed by consensus.
Data extraction
Five reviewers ( JT, KC, AJ, CO and FC) independently
extracted information into a standardised data extrac-
tion form, piloted on three studies and reﬁned accord-
ingly. The data extraction form collected information on
the characteristics of each study, the results as reported
by the authors, risk adjustment undertaken and key mes-
sages (table 1). The primary outcome measure was mor-
tality reported as ORs for the risk of dying or differences
in percentage mortality rate for comparisons of low and
high volume centres or surgeons. Any disagreements or
challenges in data extraction were resolved with another
member of the review team.
Quality assessment
As this was a rapid review we did not conduct a quality
appraisal of individual included studies using a
Table 1 Items included in data extraction
Study characteristics Study findings
Study dates
Study aim
Study design
Data source and type
Study population
Condition(s)
Unit characteristics
Intervention/procedure
Definition of volume
Outcomes measured
Sample size
Number of participants
Number of events
Volume analysed as continuous
or categorical variable
Volume thresholds for
categorical variables
Covariates used in the analysis
Crude associations of volume
and outcome
Adjusted associations of volume
and outcome
Linear or non-linear relationship
Summary of main findings
Summary of limitations identified
by authors
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conventional quality assessment tool. Instead we used
two complementary approaches to quality assessment to
examine the collective contribution of the evidence base
as a whole. First, we assessed the adequacy of the
included evidence in addressing the aim of the research
using a simple yes/no checklist for relevant factors
including the study characteristics (eg, whether the
study was single or multicentre or included more than
one intervention/condition), the quality of the source
data (eg, whether data collection was voluntary or man-
datory) and the statistical analysis/adjustment (eg,
whether the study adjusted for severity of condition
and/or age). These relevance criteria for each included
study are provided in online supplementary ﬁle
3. Second, we performed a study design level quality
assessment to identify generic weaknesses. Similar study
designs were coded with shared limitations. Judgements
on quality were informed by limitations explicitly
reported by study authors in the included studies.
Assessment was undertaken by three authors (AB, JT
and LP) and disagreements resolved by discussion.
Data synthesis
We extracted and tabulated the study information and
used this to produce a narrative synthesis. A
meta-analysis was not feasible given the considerable het-
erogeneity in the design, methods and settings of the
included studies.
RESULTS
Study selection
The database search identiﬁed 2256 unique references
of which 14 met inclusion criteria. An additional 20
papers were identiﬁed using additional non-database
search methods giving a total of 34 included papers
(ﬁgure 1).
Characteristics of the reviewed studies
The characteristics of the 34 included papers from 34
individual studies are summarised in table 2.
The majority of studies (88.3%) were conducted in
the USA and most were multicentre (97%). No UK
studies were identiﬁed. 31/34 included only paediatric
patients. Thirty-one studies used routine data sets,
including 19 voluntary clinical and/or administrative
data sets, 12 using mandatory administrative data sets.5
Twenty-ﬁve of the 34 studies (73.5%) measured mor-
tality or survival as the only outcome, eight studies mea-
sured mortality and other non-mortality outcomes
including complications, length of stay in hospital,
re-operation rates, length of ventilator treatment and
time to extubation and costs. Two studies measured only
non-mortality outcomes. Only 8 (25%) of the 32 studies
reporting mortality measured this outcome
postdischarge.
We have classiﬁed included studies into two groups—
those where the primary objective was to explore the
relationship between volume of service and outcomes
for a range of CHD conditions (20/34) and those where
the focus was on the relationship between volume and
outcome for speciﬁc single conditions or procedures
(14/34). For studies involving speciﬁc conditions or pro-
cedures these were mainly complex conditions such as
hypoplastic left heart syndrome, transposition of great
arteries and pulmonary atresia or procedures including
Norwood Procedure, arterial switch operation and
Blalock Taussig Shunt Procedure.8–41 Online supplemen-
tary table S3 provides a summary of the individual study
characteristics for the two groups of included studies.
Findings as reported by the study authors
Results for the included studies are summarised in
online supplementary table S4. In hospital mortality
refers to death during the admission for the procedure.
ORs signify the risk of death when different volumes are
compared with 95% CIs where reported. Detailed ana-
lysis of the results of the 34 included studies is available
in the full report.5
Studies on single conditions or procedures were more
likely to identify an effect of volume on mortality but
these focused on high risk conditions and procedures.
Even within these highly selected groups there was con-
siderable variation in effect depending on procedure
type and individual centre or centre performance. The
effect of surgeon volume illustrates this variability. Of
four studies that included an examination of the effects
of surgeon volume as well as centre volume, two found
an association of decreasing mortality with increasing
surgeon volume,35 41 one found increasing surgeon
volume decreased mortality for only one of four
complex conditions36 and one study found no associ-
ation between surgeon volume and outcome.31
The ﬁndings from studies that included broader CHD
populations were more equivocal. In some studies where
an effect was identiﬁed, the effect was weak or only dem-
onstrable for speciﬁc subgroups of patients. There was
no clear indication that the evidence for the volume
and mortality relationship was substantially stronger than
the evidence for a no effect relationship in this broader
group of patients Two large, comprehensively adjusted
studies showed that, while a volume relationship exists,
effects are small in comparison to factors such as condi-
tion severity and associated surgical risk, and surgical
era.23 26
Overall, the evidence does demonstrate a relationship
between volume and outcome in the majority of studies,
although this relationship is not consistent. While
volume is an important factor to consider the evidence
highlights the complex relationship between volume,
outcome and other factors which may also have an effect.
DISCUSSION
This review found a substantial body of evidence report-
ing a positive relationship between volume and
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outcome, particularly for highly complex cases.
However, interpretation is not straightforward. The 34
included studies revealed considerable variability high-
lighting the complexity of this relationship, as well as
identifying variation in methods and ﬁndings across
individual studies, and the methodological limitations
imposed by the research approaches taken. Interpreting
the evidence is particularly challenging due to a lack of
information on clinical and service-related processes in
the literature making it difﬁcult to disentangle the
volume/outcome relationship from other clinical and
service processes and outcomes.
We have identiﬁed ﬁve key ﬁndings relevant to the
organisation and delivery of CHD specialist services.
First, a range of factors inﬂuence mortality in CHD of
which centre volume is only one. Our data extraction
identiﬁed 67 different variables used to adjust for risk in
the included studies, the most inﬂuential being condi-
tion severity.
Second, the included studies show that clinical
advances, increasing expertise and changes in service
provision have also inﬂuenced and improved outcomes
for CHD over time. Five studies that analysed data over
periods spanning up to 10 years found that, irrespective
of other factors including volume and despite increasing
complexity, mortality decreased over the study period.
Therefore, the relevance of ﬁndings from historical data
to contemporary services needs to be carefully
considered.
Third, many studies used aggregated data from a
large number of centres. Although this approach may
show a difference in mortality rates between high and
Figure 1 Modified PRISMA flow chart of study identification, listing reason for exclusion during review process.
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low volume centres, it may mask between-centre vari-
ation. Several included studies identiﬁed this variation
with some low or medium volume centres performing
as well as those with high volume indicating that
individual centre effects are also likely to inﬂuence
outcomes.
Fourth, the available evidence on the relationship
between volume and mortality is dominated by retro-
spective studies conducted within the USA. It includes
centres with very small volumes of cases limiting general-
isability. The organisation of services in the USA is very
different to the UK and other countries where central-
isation of CHD services has led to a consequent increase
in volume as more cases become concentrated in fewer
centres. It remains unclear whether the impact of
volume on outcome is largely a consequence of higher
volume units organising and providing a complex
service with all the ‘right’ components, is an independ-
ent factor directly related to the advantages of dealing
with a larger number of cases or a combination of both.
The lack of any UK studies to contribute to the review
indicates a serious gap in evidence relevant to NHS
service provision.
Finally, few studies are able to suggest an optimal size
of a CHD centre in terms of volume. Less than half of
the included studies analysed volume as a continuous
variable which would provide the most robust evidence
from which to consider volume thresholds.
The effects of some factors, such as condition severity,
are well established but the effect of processes, systems
and individual clinician effects on outcome remain
unknown.
The full review also included evidence from three
studies on adult CHD. One included heart transplant
patients for a range of conditions in addition to CHD
and so was of limited value.28 Two studies explored the
effect of surgeon type in relation to outcome.15 18 Both
studies found adult patients with CHD had better out-
comes when operated on by paediatric surgeons in spe-
cialist children’s centres.
Strengths and weaknesses of this study
This review was commissioned to inform an ongoing
service review and was completed within 3 months.
Rapid reviews have evolved primarily to inform emer-
gent decision-making in healthcare settings.42 The short
time frame and streamlined methodology that they
utilise require a compromise between the need for efﬁ-
ciency against exhaustive evidence identiﬁcation and
synthesis. An examination of recent rapid reviews found
considerable variation in the methodologies adopted
and acknowledges that there is not a ‘one size ﬁts all’
approach. Methods used should therefore be clear and
transparent.43 The key strengths of our approach are
clear and reproducible methods for evidence searches;
inclusion and exclusion criteria to identify relevant evi-
dence and structured data extraction.
Time constraints meant we did not search exhaustively
but aimed to identify all key evidence of relevance. It is
possible that we may have missed relevant evidence.
However, we did conduct citation searches on all
included studies to minimise the likelihood of omitting
eligible studies. Data extraction focused on identifying
critical information for evidence synthesis rather than
exhaustively extracting and critiquing all available infor-
mation within individual papers. We were only able to
conduct limited checking for screening and data extrac-
tion. A second reviewer screened 10% of the references
identiﬁed from the searches. Data extraction was under-
taken by ﬁve reviewers with but double data extraction
was undertaken for a sample of included papers to
reﬁne the data extraction form and queries about data
extraction or inclusions were resolved by discussion
within the review team.
A meta-analysis of the evidence on volume and
outcome was judged to be of limited value given the
identiﬁed heterogeneity of context and populations.
Further review of the broader ﬁelds of cardiac surgery
outside CHD could contribute to identifying clinical and
Table 2 Characteristics of included studies
Study characteristics Number (%)
Total number full papers included 34 (100)
Volume and outcome relationship all
conditions
20 (58.8)
Volume and outcome relationship
specific conditions/procedures
14 (41.2)
Country
USA/Canada 30 (88.2)
Japan 2 (5.9)
Germany 1 (2.9)
Sweden 1 (2.9)
Centre type
Multicentre 33 (97)
Single centre 1 (3)
Data sources
Voluntary (STS-CHD, HCUP-KIDS,
PCCC, UHC)
19 (55.9)
Involuntary/registry (PHIS, NIS, OSHPD,
UNOS, Texas birth defects registry)
12 (35.3)
Study specific 3 (8.8)
Patient population
All children (0–20) 19 (55.9)
Newborns and infants only 12 (35.3)
Adults 3 (8.8)
Outcomes measured
Survival/mortality only 25 (73.5)
Survival/mortality and other outcomes 7 (20.6)
Other outcomes only 2 (5.9)
Design
Retrospective cohort 28 (82.4)
Retrospective observational 1 (2.9)
Cross-sectional 3 (8.8)
Longitudinal 1 (2.9)
RCT (data source) 1 (2.9)
RCT, randomised controlled trial.
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service-related processes and outcomes that may be rele-
vant and provide a framework for future data collection.
Instead of conducting a detailed quality appraisal of
individual studies, we examined study methodology and
generic study design limitations, including self-reported
generic limitations, to construct a collective assessment
of study quality.
Strengths and weaknesses of included studies
Information bias might result from missing data, miscod-
ing or misinterpretation of information provided in
routine databases. Several studies included in this review
cited incomplete data as an issue,35 39 25 27 for example,
missing surgeon identiﬁers,15 limited exploration of the
surgeon volume and outcome relationship. Some data
sources relied on voluntary completion23 36 40 which
introduces potential selection bias through coverage,
membership or criteria for case submission.34 36
Inconsistency in coding, particularly over time, can lead
to errors and routine databases may not include infor-
mation on important contextual details about individual
institutions such as team composition, training and
experience, type of facility and access to specialist facil-
ities, services and care pathways. Critical details such as
non-intervention, transfers between institutions and pre-
operative mortality are frequently not recorded. This
lack of information means the ability to assess the
impact of other aspects of care will remain constrained.
Data relating to a single institution is unlikely to be
generalisable. Analysing data from a single year over-
comes some of the confounding effects related to struc-
tural or process changes over time and the associated
danger that results measured at different time points
may be misinterpreted. Study reports of a single surgical
procedure can produce valuable insights for a discrete
area of surgical practice but these usually involve rare
and complex conditions and small numbers. This com-
bined with the decreasing mortality reducing power, par-
ticularly as surgical procedures improve, limits the value
of the reported results.
Included studies illustrate signiﬁcant advances in
methodology and analytic approaches over the time
period covered by this review.24 Increasingly sophisti-
cated tools to score for condition complexity and asso-
ciated risk of mortality are being developed and
methods for handling data as continuous, rather than a
categorical, variables is now considered essential. The
predominant method of using a step-wise volume cat-
egory approach to establish a threshold for change in
outcome used in many of the included studies is fre-
quently criticised for being unsophisticated and
misleading.
Implications for future research
Our review reveals a clear evidence gap in understand-
ing the relationships between organisational factors in
CHD services, how these can potentially predict a range
of outcomes relevant to patients and their families, and
the causal pathways between organisational factors and
outcomes. Better understanding of these relationships is
key to the development of methods for assessing and
monitoring surgical performance that are not based
solely on volume and mortality rates3 While existing
databases have value in helping understand some rela-
tionships and can help inform policy decisions there is
scope to develop more comprehensive, high quality clin-
ical and administrative databases to collect information
on a range of organisational factors and outcomes
related to quality of care. In the UK there is scope to
expand the existing National Institute for Cardiovascular
Outcomes Research (NICOR) database to capture more
of this information. A more sophisticated information
resource could then be used to conduct high quality
studies of the relationship between organisational
factors, volume and outcomes of direct relevance to the
NHS and to improve the evidence base to support deci-
sions about the organisation and delivery of CHD
services.
CONCLUSION
This attempt to locate intervention or observational
studies on the relationship between volume and other
related organisational features and patient outcomes for
adults and children with CHD identiﬁed a substantial
volume of studies. Observational studies reported the
relationship between volume and outcome in congenital
heart services, particularly for paediatric surgery. This
extensive body of evidence reveals a range of factors, in
addition to volume, that inﬂuence outcome. These
include condition severity, individual centre and
surgeon effects and clinical advances over time. The het-
erogeneity of ﬁndings from observational studies sug-
gests that, while a relationship between volume and
outcome exists, this is unlikely to be a simple, independ-
ent and directly causal relationship. The effect of
volume on outcome relative to the effect of other as yet
undetermined health system factors remains a complex
and unresolved research question.
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